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SUMMARY

The effectiveness of the sewage treatment plant at A.B,U. Zaria
in reducing beecterial numbers was examined and the potability of
water in Kubanni Lake, also at A,B,U,., was determined., Samples of
water and sewage were taken once a week for 41 wecks and analysed,
Sampling sites were distributed so that samples of raw scwage, of
effluent and of lake water were tested throughout this study, Some
samples also were taken down-stream from the entrance of the effluent
#nto the Kubannl River,

Faecal coliform and faecal streptococcal densities were deter-
mined by the surface plate (direct count) method, using EMB agar
for faecal coliform isolation and M-enterococcus agar for faecal
streptococci, The densities of these organisms are compared egnd
discussed,

The sewage treatment plant at A.B.Us which is an oxigest package
plant model R, is overloaded and is not functioning properly. Reduction
in bacterial numbers between raw sewage and effluents is minimal,
Mean faecal bacteria counts were 1.4 x 107/100ml faecal coliforms and
3.2 X 107[100m1 faecal streptococei at the outlet from the treatment
plant, A high BOD in the effluent was such that the faecal indicator
bacteria were able to maintain a steady population.

Faecal coliform density at point of effluent discharge into
Kubanni River was in the order of 1.9 x 107/100ml while faecal

streptococcal density was 4.9 x 106/100m1. These levels of faecal bacteria




4
constitute a public health hazard to users of the water below the
AsBoU, sewage treatment plant, Counts were still 2,3 x 103/1001111
faecal coliforms and 1.3 x 10°/100ml faecal streptococci after
flowing 600 meters donstrcams These sampling sites extended past
Jama'a village and into an arema used for grazing of cattlec. Since
high counts of faecal indicator bacteria were found and 5 Salmonella Sp
werc isolated from effluent, the untreated effluent is not suitable for
irrigation as is currently practised by the local farmers, nor is it
suitablei for use as drinking water for cattle.

The Kubanni Lakce water was found te be unpolluted most of the time,
There were 98% negative samples for faecal coliforms and 91% negative
samples for faccal streptococci throughout the sampling period,

Suggestions for improvement on sewage treatment are madee




INTRODUCTION

Communities in many parts of the World are still inadequately
supplied with potablc watere Most people in developing countrices
including Nigeria depend largely on untreated ground and surface
waters for drinking and other purposes. This practice is fagst be=
coming undegirable becausc of the pollution problem, According to
World Health Organisation (Director General, 1976), the proportion
of population served by piped water supply in urban oreas, rose from
50% in 1970 to 57% in 1975. By 1980, the percentage is expected to
be 68%, However, in rural areas, thc proportion of population
having access to safe water rose from 14% to 22% in the period 1970-75,
The set target for 1980 is 25%, The World Henlth Organisation has
been striving to improve the water suppl}ies in doveloping countriese
To this ond, the organisaticn has placed a number of technical ser-
vices at the disposal of mombor states, to assist them in the study
.of water quality problemg,

The major sources of water pollution arc the domestic,municipal
sewage, as well as industrial and agricultural wastewaters, The dis-
charge of sewage, industrial and agricultural wastes into water
introduces decomposable organic matter in thoe wateres The degradation
of such organic matter exerts a demand on dissolved oxygen o ‘', which
affects thc quallty of the water. Toxdic substances from industries
or pesticides from agricultural wastes may find their way into water

bodics, The various contaminants such as bacteria,
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toxic materials and heavy metals as well as long chain hydrocarbons
when discharged in watorsm are health hazards. They may be geepon-
sible for the waterborne diseases such as cholera and typhoid fevers;
and also poisoning due to toxic chemical substances.

The various mcthods of wastewater treatment ere aerated
lagoons, stablilisation ponds, trdckling filters and activated sludge
gystoems etc. These methods are continually being improved and modificd,
The efficiency of thase treatment mcthods in Biochemical Oxygen Demand
(BOD) removal are as follow: Aerated laguons 75-90%; waste stabilisa-
tion ponds 75-90%; and activatcd sludge process 90-93%, (Arceivalla,
1973), All these treatment methods result in reduction of both pathoe
genic and other bacteria numbers in wastewaters,

At Ahmadu Bello University (ABU) Zaria, the sewage treatment
plant is the "Oxigest packaqge plant mode 'RY.(see appendix E). This
is a type of activated sludge trcatment plant operating on contact
stabilisation principles, In this process, raw scwage enters the
plant at the inlet pipe and mixes with acrated sludge in the contact
zone. In this chamber, aerobic decomposition by bacteria takes placce
Organic matter is rapidly removed, Fresh scwage entering the plant
displaces mixed liquer from the contact zome into the gettling basin,
The activated sludge falls to the bottom of the settling basin and is
scraped into the central sludge well o, mechanically driven scrapers
Supernatant liquid from the central bagly flows over the notched weir

into the effluent trough, From here, it leaves thc plant through the
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L: outlet pipe. Grease and cther floating matter in tho central settling
basin is directed mechanically by a skimmer into a scum trough and
from there to the aercbic digester, Some sludge is drawn from the

settling basin by an air - lift into the aeration zone. This sludge
flows slowly around the aeration zone and is thoroughly acrateds.

When it enters tho contact zone again, it is fully conditioned .nd
ready to treat freosh sewage. About 1500cm3 nf effluonts are estimated
to be discharged unchlorinated, into River Kubanni daily (see fig 5)e
The effluents flows through a natural gully about 600m  long before
eventually entering the river. . R L |

The release of efflucnts with high corganic matter content affects
the life of bacteria in the effluents, Organisms #1™: “he coliditform
hattoria will multply, mnd if the organic matter centent is high enough,
faccal streptococci will atso proliferate in effluents (Morris and -
Weaver, 1954), Some of the effluents are used by the local farmers
to irrigate their farms (figs, 6 & 7)., Among the crops they cultivate
are tomatocs, spinach, cnions, sugar-cane, pepper, rice and cabbages.
Apart from the danger posed by this practice to the fmrmers themselves,
their crops are sold in tho markets for consumption by the gencral
publics, This is a serious public health problem because of possible

contamination of the cropse



Jama'a village is situated below the point of discharge of
effluents into river Kubamni. (Fig.5). Fortunately, the villagers
do not use the river as a source of water for domestic purposes,
They depend on wells for these. However, children play in and
around the river and cattle graze along its banks. If this river
is polluted as is suspected, then a danger exists because Saﬁmonellaigb
can be spread from animals to man through meat (Watson 1975). Also,
the possibility of direct infection of the children playing in the
water is not ruled out, It was observed that the Kubanni valley is
dry during the dry seascn and only a liittle seepage of water occurs
from the nearby Kubanni Lake, Therefore, most of Lhe water flowing
down the river bed during the dry scason is untreated effluents from
the treatment plant. Very little or no dilution (due to seepage from
the Lake), occurs during this period. Consequently, there is need to
keep the organic matter in A.B.U. effluents at a very low level to
reduce the dangerse

Kubanni dam is located upstream and above the effluent discharges
point, The reservoir created by the dam is to be used as a source of
weter supply for the University. It reccives several small tributaries,
one of which is Samaru Stream, Samaru Stream flows through Samaru
village, an abattoir, i.B.,U. junior staff quartcrs, passes near a
septic tank in Dan Fodio Hall (seepage from this enters the stream);
near ICSA hall and the University's incinerator. The stream carries
along wastes and pollutants from all these sources, which should

affect the quality of water in the lake (sce fige 1)a
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This research has two principal objectives, The first objec—
tive is to determine the effectiveness of the existing LBl
treatment plant in removing faccal coliforms and faccal streptococcl
from sewage, and the numbers of thesce bacterla in effluents and
Kubanni River, 7The sccond objective is to investigate the potability
of water over and around the intake structure leading from Kubanni
Lake to the proposed water purifications plant at A.BlU Zarias. In
addition to thuese, tha value of faccal coliforms and fasccal strep-

tococct as indicators of water pollution will he determined.

LITERATURE REVIEW

Determination of pellution of a water lg based on the reco-___ :
very of pollutants from the tosted water, These pellutants may be
chemical or biological matter, like mercury or bacteria. The pre-
sence of bacteria in drinking water may not necessarily indicate .- =
that the water is non=potable. It is the presence of harmful che-
micals or pathogenic microbes that render water none-potable, The
water borne microbial organisms harmful to man are usually of in-
testinal origin either from man or animals, These include protozoa
like E histolytica, viruses like infecticus hepatitis virus and |
bacteria like Salmonella gpe The ilsolation of these pathogens
from water is a difficult task, being often expensive and time
consuming. Also, numbers cof the pathogens in water ére relatively

low, Therefore, the nexd has arisen for organisms which can reliably
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indicate the presence of pathogens, Such organisms must satisiy

certain conditions,

Bonde, (1966), Summarises the conditions as follow:~—
- The organicm must be presemt whenever the pathogens are pzwesent;
- It must be present only when presence of pathogens is an -

imnirent danger i.e. the organism should not multiply to amy great

extent in aquecus environments,

- Occur in much greater rnumbers than the pathogens
| - -Be more resistant to disinfection and the agueous environment,
- | Grovw readily on relatively siaple media

- Yield characteristic but simple reactions teo enhance unambi-

guous identification,

- Be randomly distributed in the sample to be examined, and

- Grow widely, independent of other organisng, when inoculated
in artificial media i.e, should not be inhibited,

Most of the pathogens encountered in water are not suitable
indieators of pollution as they do not satisfy the above eonditions,
On the other hamd, there are bacteria which satisfy many of these
requiremerts, These are faecal oliforms and faecal streptococei,
Recently, workers have inwstigated galmonellae and Pg, seruginosa
as possible indicator organisms,

Kenner and Clarke (1974) filtered large volumes of clear water
ard isolated, simultanecusly, both Pgeudomonas and Salmonellae.

Over 7% of . solonies with black centres from XLD agar proved fto be
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Salmonella Sp. Salmonella Sp recovery by other metheds was very

low dua to the low survival of the organism in water, Fseudomonas
was isolated from all samples but three., In this study, the authors

observed that chances of isolating Salmonella or Pseudomonas in—

creased as the quality of water increaseds

Cherry gt ale (1972) investigated thoe use if Salmonella Sp as
indicators of water pollution, by a polyvalent fluorescent antibody
reagent method, They obtained 60% more positive specimens' than by
using cultural methods, From moderately polluted waters, 65% of
speclimens were positive and 38% of specimens werce pesitivoe in B
polluted water, They also found that 44% of the samples fram gtream;,
though ‘to be unpolluted, were positive for Salmonclla Spe

Chau and Huang (1976) found that most enteric bacteria, apart
from Salmonella, showed retarded motility in a semi-solid modium
containing triphenyl methane, divalent cations and a low pH, They,
therefore, developed a semi~solid enriched medium which thoy success-
fully used to screen for Salmonella, The slide agglutination test
was used to confirm the presence of Salmonella.

Harvey and Price (1976) worked on sewage polluted river water

a/fand isclated Salmonclla with Selenite F broth and a modified Muller—

Kauffman tetrathionate brothe They found Selenite F broth more
efficient In isolating salmenellas. Theyinoculated the media direc-

tly with samples using equal volumes of broth and water,
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The use of Ps,geruginosa has been larsely limited to recreational
watcr quality analysis, although certain workers have tried to adapt it

to drinking water analysis,

Hoadley (1968) wrote on the significarcc of [s.geruginosa in
surface waters, He moted that the principal source of the organism
is sewage and that surface waters may redeive a considerable inoculum
from storm drainage in municipal areas, The significance of the
presence of Pz, aeruginosa in water may reflect the influence of
drainage from inhabited areas, and of sewage discharges,

Carson and co-workers (1975) investigated factors influencing
detection and enumeration of Pggudomonas by IIPN and MF techniques,
The type of filter used as well as the pH of assay media greatly
influenced both recovery and development of characteristic dolonial
morphologies of the organism, The mature of dilvents also exerted
an influence,

some authors have compared both Ps, aeruzinosa and Salmonellae,
with E, c0li in a bid to show the value of the pathogens as pollution
indicators, Two such works are reviewed below, Keitler and Seligmann
(1957) discovered that both E, goli and Ps.aerucinosa can co-exist

in pure water but that Pgeudomongs exerted an irhibition on E. goli

in lagte stage of growth, when placed together in peptone water, There
was a critical range of peptone concentration at which this occured,
In heavily polluted waters, this type of inhibition may occur possibly

at time of sampling, The authors then sugpested that Dssudomanas
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should be considercd along with coliforms in water quality analysis,
This is bocause of the faecal origin amd possible pathogenicity of
Xs.geruginosa,

Van Donsel nand Celdreich (1971) examined the relationship
between Salmonellag and faceal coliforms in bottom sediments,
Citing Dunlop gt al. (1952), they stated that there was a ratio of one
salmonells to 255,000 coliforms arnd to 4,800 enterococci in irrigation
waters, Van Donsel and Geldreich (1971) detected one Salmorella
organisw in md to every 150 coliforms in overlying water, The authors
however expressed doubis as to the validity of their findings because in
saluwonella isolation from mud, some limitations on rccovery rates are
exerted, For example, certain types of bottom naterinsls, especially
clay, adversely affected the efficiency of the enrichment broth, This
effect is presumably due to removal of essentinl ions or nutrients
by clay,
Use of Faceal Coliforms As Indicators Of Pollution:

The oliform group comprising E. goli, Lnterocbacter, Klebsiella

etc,, has been used for s long time as an index of water pollution,

Perhaps, the most outstanding properties of this group are their .
survival rate in water, and their logarithmic mumbers in faeces,

Thes organisus satisfy wmost if not all, of the recuirements of a

good indicator orgesnism, However, the precence of coliforms in water
may result either from faecal origin or from other sources, Therefore,

the faecal coliform test is o more significant and reliable test than
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the total coliform test since it indicates that pollution is directly
or indirectly of faecal origin., There is abundant literature on the
use of coliforms as an index of water pollution, Only a selected
nunber will reviewed here, HMany of the recent analysis are done by
membrang filteration coupled with growth on o variety of media,

Kabler, (1954) worked on the purification and sanitary control
variety of both potable and waste water, In his presentation on
coliforn organisms, he stressed th:t in the interpretation of coliform
densities or classifications by types and species, careful considera-—
tion should be given to the methods used by investigators, He used a HPN
procedure as againet the multiple tube method commonly used before 1951
by inwestigators, On faecal coliforms, he nssertcd that £, coli type 1
(IMVIC ++ --) is of intestinal origin «nd so an indicator of faecal
pollution, Other coliforms, he says, havwe been acgociated with vegeta-
tion,and soil, Therefore, the presence of these wliforms in water can
have only questionable sanitary significance,

Grimes, (1975) investigated the release of sediment-bound faecal
coliforms by dredging, The work was dore during surmmer in the vieinity
of Crosby Island where dredging operations were heing carried out,
Samples were taken before dredging, ard after dredging, They found
that faecal coliform concentrations incressed significamtly in the
immedjiate vicinity of dredging operation, ©Such increased counts were
attributed to the disturbances and relocation of bottom sediments by

dredging, and a concomitant release of coliforms bound to boltom
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sediments, They concluded that the cbaerved faecal coliform dengities
probably did not indicate a heaslth hazard, Highest counts were 200
per 100 ml of water, The implication, however, was that dredging of
bottom sediments haavily contaminatel with enteric pachogens could
produce temporary health hazard down stream,

/ Deaner and Kexri (1969) carried out st .dies on the regrowth of
faecal coliforms in sewage of fluents, Quoting Geldreich (1967) in
"Fascal coliform concepts in stream pollution”, they reasonsed that
on.y the non-faecal celiform portion of total coliforms oould survive
ard multiply in rater containing minimal concentrations of nutrients,
The faecel coliforms require more favourable conditions, such as water
temperatures above 1'500, bacterial mutrient source in concentratiors
_above critical levels and adequate flow time betwesn entry of digcharge
| and fhe studied location downstream.

/' In their work, Deansr and Kerri (1969) did not observe any rc:gfow‘ch
of fascal coliferms from sampling on an American river located near
Sacraménto and receiving effluents from g treatment plant, The fresh
water is used for recreation, irrigation and ac a source of drinking
water, The sewage however was treated and there was short travel time
between the outfall znd the sampling stations, The river was shallow,
swift and had a low turbidity.
There sre indications of bhe existence of antibiotic resistant

gtrains of coliforms. The danger posed by such resistant strains can

not be overestimated., Cooke (1975), icolated coliforms and faecal
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' Coliforns from mussels, sewage, seavater and marine shell-fish, In
1976, she isolated these organisms from matural waters ard other
effluents, She studied their antibiofic resistance patterns, Mussels
obtained from Rotoa, Protoiti and Brunner Lakes in South Island,

N, Zealand contairned coliforpms and fuecal coliforms resistant to ons
or more antibiotics. More than 707 of coliforms and fascal coliforms,
collected cver a 2-year period around o marine sewage outfull, were
resistant to one or more antibiotics. 45% of those resistant to
tetracyeline or streptomycin could tramsfer this property te a suscep-
‘i;j.ble E, coli K - 12, When coliforins and faecal coliforms were isolated
 from potsable water supplies, as wells, springs, strbama, seawater and
effluents, and were examined for antibiotic resistance, she found more
than 40% of the orgarmisms from drinking water resistant to one or more
antibiotics, In 2treams and seawater isclates, resistancs increased
to more than 60, In effluents it was more than 70k, Up to 40 of
all those resistant to streptomycin, or tetracyclin could transfer

"

their resistance determinants to a susceptible E. coli K - 12 within
2=hours, Henoe, although the widespread use of antibiolics may be
responsible for increaging incidence of antibiotic resistant bacteria,
these resistant fascal colif orms may have a selective advantage in
natural waters, effluents etec,

Chlorination of effluents is practised in many countries in an

affort to remore potential hapards of bacteria released with effluents,.
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The effeet of chlorination on coliforme and {aceal coliforms has been
examined by several investigators, Silvey et al, (1974) studied the
bacteriology of chlorinated and unchlorinated effluents in an 16-month
period, In their results, they observed that {rected wastewater
effluents contzined the greatest rumbers of total and faecal coliforms,
Chlorination was effeetive in reducing the nunbcrs of miero-organisms
only at stations where cilorine was directly applied, Bacterial popula-
tions recovered, as soon as chlorimation was discontimed, Beneficial
heterotrophic organisms were adversely affected by chlorination while
faecal and ron-faecal coliforms and faecal streptococci were lees
susceptible to chlorine, Chlorination did not totally destroy Sglmonel-
Jae which were isolated with same frequency durin; periods of chlorina-
tion and non-chlorination, From their data, chlorination did not
improve the pre-existing conditions of the rive:r under study,

Davis ard Xeen (1974), examined municipal wastewater bacteria
capable of surviving chlorin:tion, Using selcect~d diagnostic biochemi-
cal media for identification of bacteria they deicrmined that a majority
of species which re-established their populations within 21 days
following chlorination, were lactose mon-fernenters, not inecluded in
the Enterobgcoteriacese, Many of these could be pathogenic and constitute
a threat to public health in receiving waters, The authors observed
that populations of coliform bacteriaz which survive chlorination
apparently beccome attenuated and remesin in that condition until the

removal of the inactivating power of chlorine, from the environment,
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Given enough time, adecuste mutriemts and other favourable conditions
of growth, some coliform bacteria will regenerate¢ their populations
which may exceed their original order of magnitude,

Milbauer and Grosswicz (1959) worked on reactivation of chlorine
ingctivated. L. _c&;;:,_. Using a concentrated soluticvn of 10,000 to
15,000ppm of Naocl, they expoued suspensions of colls in either minimal
medium or phosphate buffer for selected time intervals amd in various
medis, They fournd that reactivation of chlorine treated cells was
possible if cells are plated immediately after treatment on rich media,
The method used for disinfection was found to affect the reactivation
of cells,

V/ Shuval et al. (1972) observed chlorimted effluents both in the
fipld and in the laboratory., In their experiments, faecal coliforms
were capable of growing in chlorinate_.-d effluento, When the effluent
was stored for 3 days in a reservoir, the rate of regrowih correlated
inversely to the residual chlorime in the reservoir, amd to the number
of coliforms surviving chlorination,

In the laboratory experiments, there were regrowths after
treatment of effluent water with 11ppm chlorine. The regrowth occured
in the laboratory even without inmctivating the chlorinme with sodium
thiosulphate, These mesults suggest that the value of coliforms as an
indicator of chlorinated offluent®® pollution iz difficult to assess,
Both coliforme and faecal coliforms are capable ol growing after

chlorination of sewage effluents,
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'/%raaswell and Hoadley, (19?4), considered Lhe recovery of
E. coli from chlorimated secondery sewagze, Using E, goli ATCC 27622
which waa injured during chlorination of secondary gewage, they found
the organism incapablle of {orming colonies on membrane filters incubated,
on M, Fe medium, The cells meither grew hor produced gas in lactose bothj
In concluding, they sugpested that standard retlhwods for examining
effluents for faccal coliforms should not be applied Lo c¢chlorimated
effluents, since théy could give false megative results,

A mumber of bacteriologists have worked on {he possibility of
purifying effluentz by filteration thmugh so0ils, before beirg dice
charged into water bodies, Krone gt al, (1955) ard Pound ard Crites
(1973) reported that when wastewaters are passed through a meter of
soil, most bacteria are removed, Many do not peretrate bheyond a few
centimeters of soil, The remocval was due to mechanicsl straining
and gedimentation on the surfaces of soil particles,

o Mallmaenn and Litsky (1951) fourd that coliform bacteria survived
‘jlonger in loam and muck soilg than in sandy soila, Van Donsel gt gl.
(1967) also found, that faecal coliform bacteria (B.coli)} survival
varied seasonslly,

To this end, hdmonds, . (1976) set out to determine the
environmental seundness of utilising dehydrated aludge on clearcut
forest areas and on graveled glacial outwash scils, He sgught to

determine the length of survival time of total and faecal eoliforms in

the siludge and seil systems, in relation to envirommental conditions,
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and to determine whether faecal coliforms in sludge are capable of
moving into the soil, into groundwater and eventually into streams,
Total and fascal bacteria moved from sludge into soil but only a few
penetrated beyong Sem, The s0il is an effective bio-filter as only
few faecal bacteria occured in the groundwater, Counts were between
5 ard 52/100 ml, Croundwater ccmtamination from vertically moving
pathogens was unlikely though there is a hazard from surface run-offs,

thods cdig Used For C Coliforma:

There are sceveral methods and media available for the enumeras
tion of coliforms and faecal colifoms in the e¢nviroment, In many .
cases, media are tied to specific methods, Cons.ruently, there is
often a problem of choosing what combimition of media and methods to
be used in isolating and enumerating faecal coliforus in water analy-—
sis, A few media and methods are reviewed in this presentation,

Thomas and Woodward (1955) estimated coliform densities by
the MF and fermentation tube procedures, The MP technique was 2-5
times more precise than the MPN procedure, which gave higher estimates
of coliform demsities, The observed disparity was attributed to the
mathematical nature of the MNPN method which often tends to over-
estimate the true coliform density,

Allen gt al., (1952) worked on conditions affecting growth of
E. colj on bile salt mediz and its emumeration in polluted waters,
They usad MacConkey's agar containing peptore, sodium taurocholate,

lactose andi% neutral red a medium similar to this but containing
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5g/ of specially pure bile salts; another containing 20g/ of ox-gall
_instead of sodium tawrocholate; and Hajna and Perry's EC-medium
containing neutral red as indicator, The presence of bile salts

ard lactose in the medivm inhibited growth at 37°C, This irhibitory
effect increased for nost strains at 440C, With the addition of
inorganic salts nas phosphates to the media, inhibition increased and
gome strains failed to grow, This formed the bhasin for developing a
technique for counting becteria, adaptable to polluted waters,

Dukta and Tuobin {1976) evaluated the efficiency of four proce-
dures for ernumerating coliforms in water., These procedures were the
MPFN technigue using lauryltryptose broth (LST) and 2% BGB; MF proce-
dure using M~endOagar LES; MPN with FCDS and BGD developed for Indian
freshwaters: and an MI* techmique using MC~asar developed for seawater,
Their dats indicate thot within the sanpling ares, maximum population
estimates were achieved with the MF procedure using M-find agar, FEach
of the methods wags seleetive for isolating different genmera. The
authors concluded that the possibility of a universal coliform
aestimation test is remote and that local conditions would dictate the
success of a particular precedure for isolating amd counting coliforms,

Pugsley et a1, (1973) proposed a mow medium for detecting gas
and indole in a single tubs, They compared this medium with a method
used in the 44°C E. coli confirmatory test, The inelusion of mammiiolk
in their medium reduced the mumber ¢f false gas reactions, 4Addition

of tryptone in the medium made it possible to test for both indole
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production and mannitp. fermentation in the same tube., Results
were obtainable in 24 hours and the method was fast, casy to use

and inexpensive.

Geldreich et al. (1965) employed M=Fc medium and the MF technique
in isolating and counting faecal coliforms. They compared results
obtained by this method with those of the MPN confirmatory test for
faccal coliforms with 44,5°C inucubation. The results obtained fell
within the 95% confidence limit. While lactose fermentation in the
MF technique is measured oy the production of acids,gas production
is used as evidencc of fermentation in the MPN techniques 9342% of
blue coldnies growing on M = FC medium were faieal coliformse. The
authors believed that the two techniques were measuring the same
organisms,

Standard Methods for the Examination of Water and Wastwater

(APHA 14th edition 1976) recommends the usc of endo-type mwedia and
the MF technique in detecting and counting coliforms. Any colony
growing on the medium with any amount of metallic sheen is to be
regarded as a coliform, Eosin - methylene blue agar may be adapted
for use in the direct count method of Clarke, (1971), This method
remains the most accurate means of counting bacteria. In water
samples, accuracy of counts by the MF technique depends on the level
of pollution in the water, Only low to mederately polluted waters
can be analysed by the method with reasonable accuracy. The MPN

procedure is statistical in nature and so, gives only an estimate

T
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The direct count method with EMB seemed appropriate for this research
gince the samples are expacted to be heavily polluted, and because true

bacterial mumbers and not estimates are desired.

Use of raecal Streptococeci As An Indiecator Of Water Pollution:

R A progress report was coupiled by the Committes on public health
activities, (committee on public hoalth activities 1961), The view
was advanced that coliform density determinations are mot fully
accaptable, because the sanitary quality of waters is dependent on the
numbers of faecal B, coli present and not on mimbers of total colifomms,
The coliform test, although *nadequnte, is 8till frequently used,

- Attempts heve been made to use a variety of bacteria as pollution
imdicators, but nome of these have been upheld a3 a sole indicator
of water pollution. The report mentioned the work of Heukelekian ard
Rosenberg, who have compared colifoms and enterococci as indicators
of well water pollution, Based on their results, they were uncertain
as to whether E, coli should continue to be used as water quality
index since recent advances in media development have made it easler
to perform enterococci analysis. However, other workers are hesitant
i1t accepting faecasl streptococel as the sole indicator of pollution,
The rcport stated that there is good evidence that faecal streptococci
survival rate is less than that of coliforms in unpolluted water,
Fxperiments on faecnl streptococei viability in water show that the
orgarisms die out more rapidly than do coliforms, Gilcreas ard Kelly
wore quoted in the report as saying that the coliformwstest was still

the moat reliable test in determining any significant pollution,
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The direct count method with EMB seemed appropritte for this reseaxch
since the samples are expected to be heavily polluted, and because true
bacterial numbers and not estimates are desired,
Jae 0f Fascul Streptococcd As An Ipdicator Of Vater Pollutiop;
' A prograess report was compiled by the Committee on publie health
activities, (committee on public health activities 1961), The view was
advanced that coliform density determinations are not fully acceptable,
because the sanit_ary guality of waters is dependent on ths mumbers of
faecal E, ¢oli presunt and not on rmumbers of totsl) coliforms, The coli-
form test, although inedecuate, is still frequerntly used, Attempts have
been made to use a variety of bacteria as pollubion indicators, but none -
of these have been upheld as £ sole indicator of wabter pollution, The
report mentioned the work of Heukelekian and llosenberg, who have compared
coliforms and entelogogej @9 indicators of well waler pellution, Based

on their results,they were uncertain as to whether H.c0li should contime

to be used as water quality index since receit advances in medie develop-
ment have made il easier to porfom entervcocci uannlysis, However, other
workers are hesitant in accepting faecal streplococei ns the sole indicator
of pollution, The report stated that there iz rood evidence that fascal
streptococel survival rate is less than that of coliforms in unpolluted
water, Bxperiments on faccal streptococci viability in water szhow

that the organisms die out more rapidly than do coliforms, Giloreas

and Kelly were quoted in the report as saying that the coliform test

was s5till the most reliable test in determinins any significant pollution,



24

The committee members considered the coliforwm test satisfactery for
measuring sanitary quality of municipal water supplies,

The view that fuecal streptococei should replace coliforms as the
index o water pollution is upheld by many bacteriolegists, Workers
like Abshire and Cuthrie (1971), Geldreich and Kemner (1969), Morris
and Woaver (1954), Sayler et al, (1975) and Allen et gl. (1953), sup-
port the use of fascnl streptococei as pollubtion indicators., Some of
these advocate that faecal coliforms and faccual sireptococcl should

supplerent each other in assessing water cuality,

Poor Acceptance Of Toecsl Strepltococei Index:

The reason for the poor acceptance of S,facenlis as an indicator
of water gquality was examined by Kenner gt al. (1961). The poor
| acceptance, they claimed, is due to the relatively low recovery rates
of the organism in comparicon to coliforms; multiplicity of detection
methods and poor agrocument between various guantitative enumeration
mrthods; and lack of detsiled systematic atudies on the sources,
survival and interpretation of 3. fagealis In various types of waters,
Thers are other sub-groups of the organism,as 3, hovis and 8, equinus
Iwhich are not fourd in human faeces, These are considered ag specific
indicators of animal pollution, They die quickly outside the gut of
animals and their isolation indicates recent contamination,
Geldreich at al, (1969) studied 12,536 gtrnins of faecal strepto-

cocci from facces of warm-blooded animals and nany water sources in a
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vegetation, DBecause of these findings, the mecd arpae to include
faeeal coliforms in recreetional water guality determimetions, This
procedurs helped confirm the source of the faecal streptococeci in
densities below 100/100 ml of water,
Advantages of Faecal Streptococel As an Indieator,

Sayler ¢t al. {1975} collected samples from five different
stations in the upper Chesapeaks bay. The indicator bacteria were distri-
buted in the water, independent of temperature and salinity, Counts were
not correlated with the concentration of pygperded solids, However,
5% of the total viable bacteria, and more than 80 of fmecal indicator
bacteria were directly associated with suspended scdimemts, They observed
prolonged survival of faecal streptoeocci in swdimermt samples, Their
results compare favourazbly with FC:FS raties four various other samples,

Allen gt 81,(1952) investigated some tactors responsible for
viability of faecal bacteria in water, They showed that the mortality
curves of both B, eoli amd S, fmecalis were chraracteristic for each of
the organisms, They were both less viable at pH 6-7, S.foscalig was
not affeoted by the degres of oxygenotion of the water but B,goli died
wzuch more mpidly under anserpgbic than aerobic ognditions. B.cold

grevw at orgenic watter content as low as 0,28ppm, while §.faecalis

required much higher concentrations of organic matter to show any
appreciable growth, This result of would suggest that streptococei
would be a better indientor of drirking water quality,

Morris and Weever (1954) sampled 54 wells from which duplicate
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samples were collectcd, One of each pair was analsed within six hours

and the other after 24 hours in dark storage, Thcy used the MPN techni-

que to determine both coliforms and streptococeus densities, There was
close agreement in densities of the two orgonisma in the 6 hours samples,
Streptococci did rmol grow in the stored samples and the coliform counts
were erratiec, There were increases in numbors in some samples and
reductions in most, These observations tallied with those of Hanus
st 21, (1964 ) and Leininger and NcClesky (1953).

Hanes gt gl (1964) investigated the influence of dissolved
oxygen (D.0) on t.e survival of coliforms and streptococei, High
D0, levels stimulated a 5,7 times increase in mumbers of cliforums,
Normal D.0, levels brought about the smallest increase in numbers while
low D.0. caused a 5,1 times increase in cel) rumboers, With enterococci,
only at low D,0, did a small and apparent increzse in nmumbers occur,
The increase was no small that it was disceunted as growth, Because
the death rate of enterococci is greater than th:t of coliforms, the

authors concluded, that on the basis of their results, emnterococci

seem to be better indicators of recent faecal eontomination of water

than coliforms,
Use of Selective Medie and Diluents.

Bissenrette et gl, (1975) enumerated imdicator bacteria from
natural waters, They obserwed that exposure to the aquatic environment
causged a significant proportion of cells to lose colomy-producing

ability on selective media, This did not occur in mutritionslly rich

ron-selsctive media, Disecrepancies in elony-foruing units between
ron-selective and selective media showed that o mubstantial portion of
cells may have become injured, The injury could hav: been due to the
stress imposed by the scuatic environuent, The extent of injury varied
from water to water,

lioadley amd Cheng (1973) selectively rvcovered indicstor bacteria,
They used trypticasgssoy azar and other selcctive nedia, Tap water was
fourd to be highly toxic to all strains of Pseudomonas, E goli and S,
faecglis, Fhosphate buffer was a more successful diluent for Ps,
aeruzinosa, The buffer solution did not improve on L. coli recovery and
S. fagcalis remained viable after suspension in double distilled water
or phosphate buffer, A1l orgenisms grev in 0,1% peptone water or stream
water following a lag period of varying lengths of time, When suspended
in aqueous media, injury occured whiech prevented rocovery of viable cells
on selective media including those that would nornally grow the organisms,
There is a need to reduce selectivity of media used in water analysis,

On selection of diluent for bacterialogical eraminitions,
Butterfield (1932) observed that phosphate water ond formuls € water
gave the met consistent results, Diluents for snalysing natural waters,

he @laims,must contain some mineral salts, pil should mot bo lower than

a2 AP Fhides Il meemmend o ¥ oa% 3 N N . . N
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after 5 to 32 months at different temperatures, In distilled water,
viability was retained for periods of 14 to 32 wonths, B. iyphosa
survived better in distilled water than in 0,85k NaCl, The same was true
for B. goli, B. tuberculosis, B. diphtherise, 5. haemolitious and S.
Mxridans., Room temperature appeared more suitable for the survival of
most bacteria in distilled water, Streptococci and B, dqiphtherjage are
exceptions,

di thods I'or Streptococci si

Kabler, (1954) compared the MPN and IT' procsdures on the basis
of 95% confidence limits of the confirmed iPF, There was a 73,86
agreement of 1706 samples collected and examined si;uultamou.aly.

Of 650 samples, there were 114 4+ agreement in results 457 m{gatiyes
agreed and 79 disagreed, Results of 885 of Sumplcs.amlyaed by the
two methods agreed, Apart from the turbidit; of samples, there was no
other readily apparent relationship between agreement of results by
the MPN and MF methods and any recorded physicoochemicnl characteristics
of samples, These results indicate that the tvo test procedures do not
measure the same group of organisms, The saiitary significance of this
anomaly is yet to be determined.,

Pugsley and Evison, (1974) developed the techmigue of Abshire and
Guthrie (1971), and of Pavlova et gl, (1972), They combined the FA test
with MF technique, They designated the new procedure the MF -~ FA test,
Pogitively stained micro-colonies were clearly visible on filter surfaces

as brightly fluerescent areas, Phey eliminated the possibility of false
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negatives by conducting contrel experimenta with other bact: ria than
group D streptococe’, uging selective incul.ation medium and trypoinisation
of micro-colonies,

On methodology, Abshire and Guthrie (1971) used a slide method
with fluereseent antibody technigue, for detecting S, faeecalis. The
method permitted 3, faeculis of faecal origin to be distinguished from
those of soil etc, 'Their reactions were specific and cnfirmed by
biochemical tests, The results showed that the metheod iz useful in
pollution studies requiring rapid idemtification of polluting organisms,

Daoust amd Litsky (1975) enumerated fascal sireptococci by the
MP technique uging Pfizer selective enterococpus (PsE) agar overlay
method, They also used M-enterocoeccus medium, -nd XI' streptococei medium,
Isolation of streptococei with KF medium and M-enterococcus agar were
similar with faecal samples, FSE showed highest count:_s with both faecal
ard marine vater samples. .I
| Brodsky and Schiemann (1 9'?5) used PBSE aggar and KF medium in
counting streptococei from water, by the MP technique, PSE was highly
seleetive for the amterococci, The tan oolour resuliing from esculin
hydrolysis was found unmecessary because over 90% colonies isolated on
PSE apar were confirmad as fascal streptococci, KI' agar recovered
significantly greater numbers of colonies but gelectivity was limited to
83% typical streptococei, nnd 54% enterococci, The 450C incubation of KI
ager to improve its selectivity was unsuecassful, |

Wie-shing Lee (1972), using ®EE agar for screening, devised tyrosimne
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decarbozylase {TD) medium and D-broth for additional confirmation and

identification of group D enterococci, 3By this wethod, 9% of entero=-
coccl could be accurately identified and confirmed,

Cooper and Ramaden (1955) using heat, tetrathionate, tellurite and
thallium sglta, differentisted between human and animsl faecal strepto-
coccal polluticn, The tellurite sale method proved highly efficient
in isoleting 97% of strains from human, cow and sheep facces, Heat
rosigtance differential tests divided iscla'es into groups socme of
which were source specific, This method may be useful in tracing
water poilution to its source,
| Allen et al. (1953) enumerated streptococei in polluted waters.
Their apparatus was similar to those Allen gt al, (1952), but included
glucose-yeast extract-sodium azide ggar. The 4500 incubation tempera-
ture they employed, coupled with the presence of azide reduced the
nunber of colony-fomming cells, Atlemuated cultures wers more affected
by this inhibition, The incorporation of neutral red in the media was
o irhibitory that it had to be exoluded,

Fascal streptococci wers not used until 1971 in the U.S,A, as
an index of water pollution, Itz use was however practised in Gregt
Britain before this time - {Abshire and Guthrie, 1971), Slanetsz
ard Bartley (1964) called for its use in the U.S.A, The evidence they
gathered suggested that the faecal streptococci are more practical and
reliable indicators of faecsl contasmination of m_ater than faeeal coli-
forms, The authors highlighted that M—enterooood.ls agar 1s 1005 |

selective for fascal streptococci and that this procedure had been
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adopted at the Pasteur Imstitute in Madagascar, For routine water
analysis, that Standard Methods (11th edition 1960) included a mul-
tiple tube dilution method using AD-EVA broth, amd a MF technique using
M-enterococcus agar, for faecal streptococeci detection, They found
that the KF-medium was not as selective as M-enterococcus agar was
for faecal streptococci. KF-medium gave poor growths of 5, bovis.
Co.tamination due to pseudomonads, gram-nesative rods and micrococeci
found on KF-medium was absent with M-enterococcus agar, The authors
drev attention to Cooper and Ramadan (1955); Bartley and Slanetz
(1960); and to Kenner et al. (1960) who all pointed out the value of
the faecal streptococei index in tracing source of water pollution,
They agree, however, that there is need for more studies on the
method, The presence of faecal streptococeci in water is positive
evidence of faecal contaminationy and relatively simple detection and
enuneration methods are available, they argued,

Slanetz and Bartley (1957) formulated the medium lM-enterococcus
agar which they used to dtermine number of enterococci by the MF
technique, The medium vielded better reaults by this method than
other available media, Colomies were larger and counts higher,
Selectivity was 100%.

Clark , (1971) studied plate preparations, inoculum volume and
technique of spreading, in the surface plate method of counting bacteria,
He showed that predrying plates to a weight loss of 3 - 4g/1%ml allowed

the use of inoculum volumes of up to 1 ml, without affecting bacteria
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recovery, FPlates were stacked or separately placed, upside down at
24° . 50% for drying. Spresding the inoculum to its complete
abaorption by. the agar or only for 1% seconds gave equally good
recoveries of the bacteria,

The term “coliforms" as used in this pregentation is defined as
applied to MF technique found in Standard Methods, (APHA 1976) which
crmprigses all aerobic and facultatively a aerobic gram-negative,
non-spore—forming, rod-shaped bacteria that produce a dark colony
with metallic sheen within 24 hours on sn endo=type medium containing
lactose,

. The term 'faecal coliforma™ is used for coliforms ablb to grow
a'nd producé gas in brilliat green bile lactose (BGBL) broth at 37°C,
and produce gas in lactose broth at 44,500.

The term "faecal streptococci" includes gram-positive eocci
appearing in chains of four or more cells, that are able to grow on
M-enterpcoccus agar, forming pirk, red ¢r nmaroon colonies; and which,
when placed in ethyl-violet agide (EVA) broth, will form a purple
bhutton growth in 48 hours at STOC. The direct count method was
rreferred in this rescarch because of its accuracy amd simplicity,
Pollution in effluents was high and the method offered a better means
of counting the high mimbers of bactoria, than would the MF techrnique,
The MPN method was not used because of its inherrent mathematical .
problem, The procedure of Clark (1971) was followed closely during
drying of plates and inoculation. Isolation and counting of faescal .I

coliforms was carried out on FMB in conformity with Standard Methods (1976}



MATERIALS AND METHOD
Media.

M-enterococcus agar (M-EA), Fosin-methylene blue (EMB) agar
Triple-Sugar ivon (TSI) agar Ethyl-violat azide (EVA) broth; Brilliant
green bile lactose (BGBL) broth Selenite F broth and Salmonella-Shigella
(8~5) agar were used, M-EA, EVA and Selenite F were manufactured by
BEL, T8I, EMB, BGBL, and SS media were mamufactured by Oxoid,
GLASSWARE 2

Sterile 10 ml pipettes; sterile 1 ml pipettes, sterile cotton-
plugged test-tubes; sterile wide - mouth stoppered bottles ard sterile
bent glass rods were used,

PREP ' ME

All media were prepared from dehydrated powdors necording to
manufacturer's instructions, They were all incubated for 24 hours at
37°C and sterility checked prior to use, Only freshly prepared media
were used throughout the examinution,

SAMPLING SITRS:

Samples were collected from various sites in the environs of the
Kubanni Lake, Kubanni River and sewage treatment plant at A,B.U,

Main Campus, Zaria, (Fig,1).

The following sites were examined:

Site A, point of entry of Samaru stream into Kubanni Lake;

Site B, intake structure to the proposed water purification works

33
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for A.B.U. main campus; Site C midway between the dam wall and
spillway Sampling sites along effluent gully and Kubanni River were
site 1, raw sewage influent to the sewage treatment plant; Site 2,
sewage effluent outlet from the treatment plantj Site 3, confluence
of mewage plant effluent and Kubannl River; and site 4, about 100 meters
dotmetréam from site 3, Additional sampling sites (5=9} at 120 meter
intervals downstream of site 4 on the Kihannl River were added later,
Samples were taken for the perlod April « Janusry 1978 to represent *d
both ralning and dry seascn adequatelye

AR T IR AMAT MYt R
SULILTT O G0 BOMEY 08
~

All samples were collected in sterile, wideymouth, stoppered
%

.

500 ml bottles between 9.30 am and 10.30 a.m. on eéch sampling daya

; )
Thig period represents period of peak flow of sewage at A.B.U,
Samples were collected once a week, Samples from sites B and C were
collected by lowering the bottles inte the watdr with the aid of a
pieén of twine tied around the neck of the bottles from a platforms
All other samples were obtained by dipping the bottles ‘under water
with their mouths facing the diremtion of flow. The top third of
-fhe water in the bottles was always discarded and the bottles stoppered
immediately, The outside of all sampling bottles were disinfected
with concentrated 'YDettol'! solution immedliately after cach collection,
The portions of twine coming in contact with water or sewage were
out-off and discardeds Rubber gloves used for sample collectlion
ware also subjected to disinfection with 'Dettol! after each collec=

tion, Samples were not packed in ice during transportation to the

laboratory for analysis because distances between the sites and the



ANALYSIS OF SAMPLES:

The samples were analysed soon aftcer collection. In one or two
cases when such was not possible, samples were stored in a refree
gerator but not for more than one hour.

Serial Dilutlion:

Ten=fold dilutions were made from each sample after mixing by
shaking 25 times {A.P.H,A. Standard Methods, 1971). .. .utions ranged
from 109106. The tubes were appropriately labelled and serially

arranged on a test-tube rack, The tubes of serial dilutions were

cotton-wool plugged as were those containing sterile distilled water,
Contamination of the samples was prevented by maintaining aseptilc |
conditiong throughout sample analysise

Plating?
. As soon as the serial dilution of any sample was completed,
four consecutive dilutions were selected for plating. The criterion
for seclection was based on the expected level of pollution at the'
various sltes. This was roughly determined by dhitial trial plating
of samples at beginning of sample_collection. AMter shaking the test-
tubes, 0ol ml was removed and transferred to the surfacc of EMB and
M-EE in petrli-dishes, using a fresh 1 nl pipette for e@ach dilution.

Dupllicate plates were inoculated for every dilution,
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The water was evenly spread on the agar plates using sterile L-shaped
glass rodss Spreading was coﬁtinued until most of bhe water was
absorbed by the medium (Clark 1971). A fresh sterile glass rod was
used for each plate and all plates wore adequately labelled.
Incubation: _ " .

All plates were incubated under humid condltions at 37°¢ for
24 hours. M~EA plates were left in the incubator for 48 hours.
After incubating for these times, ﬁlates were removed, colonies counted
and their numbers per dilution recorded,

Reading of Plates:

The EMB plates were used to differentiate between lactose posi--
tive (pink ; lactose negative (white or colourless); and Ee coll
{metallic sheen} colonicse Each of these colony types was counted
for every dilution and plataa

Mwenterococcus agar was used to isolate faecal streptococci,

Ali marcon, pink or red colonies found growing on the agar surface
were counted as presumptive faecal streptococci (Slanetz and Bartley
1957) o

Confirmatory Testst

All coliforms and streptococel were subjected to confirmatory
tests, All lactose positive, and colenies growing on EMB with a
metallic sheen wore conflirmed by ineculating them into BGBL and lactose

broths with durham tubes,



BGBL tubes were incubated at 3500 for 24 hours in a water bath., Tubes
waeYye road ss positive if they had turbidity and gas, HNegative tubes
were incubated for a further 24 hours, Lactose broth was incubated

at 44.5°C for 24 hours, Turbid tubes with gas were taken to be faecal
coliforms according to Buttiasux et al., (1956): and Papavassiliou (19%8),"
Loopfuls from positive tubes were streszked on EMB agar from both BGEL
and lactose broths, Reproduction of pink or metglijc sheen colonies

waa regarded ag confirmatory for faecal coliforms,

All maroon, pink or colomies pn M-EA were inoculated into EVA-
broth in tubes, The tubes were incubated st 37°C for 48 hours. Deve-
lopment of a purple button growth after 48 hours waslregarded a8 con-
firmetory for faeczl streptococei (Sayler, et al. 1975). All positive
tubes were gram-stained aﬁd observation of gram-positive cocei in chains
of our or more cells was used as augmentation for the confirmatory test
deacribed above,

ISOLATION OF PATHOGENS:

Attempts were made to isolate o few pathogens (see fig.2), At
the same time as samples were being analysed for faecal coliforms and
fagcal sireptococci, 3 ml of undiluted sample from each site was
inoculated into an equal wvolume of double strength selenite F broth -
in bijou bottles, AlY bottles wers labelled and incubated for 24 hours

at 37°% (Harvey and Price 1976), From these bottles, loopfuls
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were streaked on & S agar in petri-dishes, The labelled agar
plates were incubated =t 37°C for 24 hours, Dlack centred colonies
were randomly picked from the 8 S agar plates and transferred to
TSI agar slants and incubated for 24 hours at 37°C, Presumptive
Salwoncllg, Shigella, Proteus etec, identified on basis of TSI
reaction, were subjccted to biochemical tests using KCN broth,
Simmon's citrate, urea agar, tryptore broth, lysin decarboxylase

broth s oxidase test,

Salwonella, Shirells, Pseudomonas, Protigus and other enteric

gran-negatives were identified in accordance with the method of

Edwards and ewing (1972), A scheme of analysis is presented in

figure 2,



SE! "Nk & BROT
{EGuAL %015} i

(UR B TY

|

S -5 AGAR

BLACK CENIRED
COLONIFS

?

150 AGAR
SLANTS

[
}

!
L

BUOCHEMICAL S

SALMONELLA

FiG 2

'}

SAMPL

-
wi

I
|

|

SCHi ME ¥

ANALYESIS

Lo

crmaL DiLuTions | 102 - 08
O~ N gimt
NCUBATE |EMB I SURFACE FPLATE INCUBATE
350 200 ME THUD 19%:2°C
tor 2k nr tor &8 he
COUNT COUNT
@) Melalle <heen Colones Finke, Marace, of
& Locise v fied Colurwes
) Loclose - ve
RECORD RESUL & RICIRD RESLLYIS
~ i
Ny /A HPOTH
Metafhe S R
Codores Meoli N —
T
l i “ PUSIPLE BUTIUN GROWTH
R
N |
BOBL - B P VACTUSE z b
GRAM STAIN
152 22C \ ~ L& 5°C SR =5
- I
l EMB |
]
GROWTH PLUS I GPOWTH LU= GRAM wve COLCI
OAS ? FORITIVE 3 GASY N CHAINS ?
]
! ! 1
FAFECAL COLIFORMS FAECAL STREPTIOCGLCH




RESULTS - i

Faecal Coliform Densities Over A 10=Month Periocd

“ Figure j.ié a pict of monthly mean faecal coliform densities at
gsites 1 = L for the 10-month sampling period (April, 1977 -'January
1978). Counts were highest at site 1 for raw sewage (see fig. 1)
The highest density occurred in April, 1977 and was 1 x 108/100m1 while
the lowest observed density was 2.5 x 106/100ml in August, 1977. After
dugust, densities rose steadily and finally appeared to stabilize
between September, 1977 and January, 1978. B

Faecal coliform densities at site 2 showed only slight'reductions
in comparison to site 1 densities. 1In the rainy season months
(April - August); counts at site 2 ranged from 1 x 108 per 100 ml to
3.5 x 106/100m1 with a peak in July. There was a drop in August and
a steady rise thereafter between September 1977 and January, 1978.

The lowest monthly mean density of 1 x 106/100ml was in August while

Lt
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TABLE1@: EFFICIENCY OF SEVIGE TREATMENT PLANT BETVEEN APRIL 1977
AND JANUARY 1978 IN REMOVING FAECAL COLIFORMS RETWEEN
SITES 1 AND 2. .

1971 1976

wriLlmay Lbuse |ouny  |aucust | SEPT. ?. ([(wov. |DpEC. |JAN.
SITE 1 1x10° |2.9x107 h.5x10 | 3.5x107 |2, 6x107 q.mudom 110! |u.3x107| 82107 |ux10”
SITE 2 ._u._om m.mH._om muﬁoc m.wu:..am ._H.ﬂom u.muaom J.ouﬂoq 4.930,_‘ 2.5x10 m..rk._om

% 199 | 91 |eo 89 | 96 55 0 56 50 79

REDUCTION
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the highest of 3 x 103’1001{11 wae in December, 1977, From these resulis
and figure 3, the treatment plant reduced faecal coliform numbers from
{ x 103/100ml in site 1, to 1 x 105/1000L in site 2 during April 1977,
From Aprii 1977 till January, 1978, reduction was small if at all,

The reduction in faecal coliform numbers from site ! to site 2 was
minimal between August 1977 and January, 1978,

Site 3 showed rather high densities between April and July,
There was again a drop in counts in August and a concomittant rise
in September followed by a levelling off till January 1978, The curve
is roughly parallel to those for sites ! amd 2 though densities were
lower between July, 1977 and January, 1978. From 4April to July,
densities at site 3 were high, even higher in some cases than was
observed for siteszs 1 amd 2, At site 4, faecal coliform densities were
generally low during thf? rainy seaspn., There wes a drop in counis
from July ~ August 1977, which rose again in September and levelled
theroaf$er, Denaities at site 4, appeared to be similar to site 3
densities from September, 1977 to Jomary, 1978,

Although counts were lower at site 4, the differoncs? from thoes )
gt site 3 were very small, Even during the rainy season when dilution
was at its highest due to overflow of the lake, reductions in coliform
mumbers wag smell, About 1000 meters from the Sewape dispossl plant
the lowest site 4 density during this period was still 2 x 104/100 ml,
In the dry season, the reduction was less; the lowest site 4 count

being 9.5 x 105/10011:1 in Jamary.



44

Eaecal Streptococeus Densitics During Hainy A Dry Seasons:

In figure 4, faecal streptococci results for threc sites (1 = 3),
are compared for three consecutive rainy season nd three consecutive
dry season months, PFaecal streptococci density reductions between sites
1 and 2 io minimal, Ateite 3, the reduction wns still insignificant
during the two seasons, DerBities at sites 2 and 3 appcared to be
higher during the dry season, The highest dr, peason count for site
1 was in November (2 x 107/100m1) while the highest observed rainy
season density for the same site was B,5 x 106/100&\1 in May.

At site 3, the lowesl rainy season and lowesi dry season counts
were the same and it was 2 x 109/10Cml for each (June 1977 and Jamuary,
1978). In the rainy secason (May and July, 1977), the mean density for
sites 2 and 3 were about the same, A similar observation was made
in June and December, 1977 for sites 1 and 2,

Comparison Of Faescal Coliform ities With Faccal Streptococcus

Faecal coliform and faecal streptococcus densities at site 4

were compared (Fig.5), Over a 16-week period duriwng the dry season,
faecal coliform and faecal streptococcus counts chowed some degree
of correlation, The faecal coliform densities wore generally constant

and higher whereas faccal streptoooccus densiticc were not
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uniform and lower, The fluctuations in faecal stmptococm:é counts
occurred all through the 16-week period. Although frecal streptocctccn‘
mumbers are lower than faecal coliform rumbers, fig, 5 shows that their
dengities are comparable, Inset of fig.% ig the monthly means of the
same orgamsm3 during the same period, Table 1 contsins the mean
10~month densities for sites 1 - 4 for fgecal coliforms and faecal strepto
cocci, Faecael coliform and faecal streplococci densities appsared to be
approximately the same from site to site, DPetween mid-April and last
week of May, 1978, A.B,U, was c¢losed and students were sent home follow-
ing some disturbances, This was a unique copportunity to test coliform
bacterin and streptococous demsities at &ll sites {1~0) when all students
were off campua, Results of a s8t of samples taken during this peried
are presented in table 2, This shows the effect of the total absence of
students from the campus on the treatment plent effluents, Densities
at sites 1 anl 2 were 3 x 10°/100nl FC and 5 x 107/100ml TG respectively,
Faecal coliform counts at sites 3 and 4 were both ! x 103/1001111 G,

Also, fasocal coliforms contimmed to appear in samples until site 6 and
disappeared thereafter at sites 7, 8 and 9, These last three sites

are located in fromt of and on either sides of Jamala village.

Faecal streptocoecus counts for sites 1 and 2 during this period

were 1 x 10%/100m ard 1 x 10%/100ml respectively. No faecal



TABIE 1b

Mean 10-months FC and FS Demsities for Sites |

s —

1 ~4 And B and C

[

PALCAL COLIFORMS/100ml -

SITRES PAICAL STREPL, /100ml
1 1.3 x 10° 7.1 x 107
2 3,1 x 107 1.3 x 1
3 1.9 = 107 4.9 x 10°
4 3.2 x 10° 2,8 x 105
B 2.2 x 107 1z 10
¢ 8,2 x 102 1,1 x 10
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TABLE 2

Densities of faecal coliforms and faecal streptococci

during absence of students from campus, From Mid-/pril-

May Ending 1978,

Site Faecal Coliforms/100ml Faecal Streptococci/100ml
1 3x 10° 1 1 x 10
2 5 % 134 1 x 104
3 1 % 103 >
a 1x 10° -
5 2 x 101 -
6 - -
7 - -
8 - >
9 - -

- = « Negative counts
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streptococeci were detected from sites 3 - 9 at this time, At no other
occasion during the 10-month research period were negative cultures
obtained from any of the 9 sites, Results were different for the same
gsites (5-9) during the dry season, The results of dry season (sites

5 - ) samples are included in stable %, After 600 meters downstream
of sire 4, samples from site 9 still gave faecal coliform counts of
2.3 x 10°/100n1 and faecal streptocoocus counts of 1 x 10°/100 ml.
This stretch passes in front of Jama'a village and extends about 220

meters beyond it,

SAHPLING OF THREE STTES ON THE KUBANNT LAKE

The potability of water in Kubanni Lake was examined through sampling
sites A, B and C, (fig, 1). Site A is the point of entry of Samaru
stream into the lake, ©Site B is at the intake structure for the water
purification plant at A,B,U, main campus, and sive C is midway between
the dam snd site B, Table 4 includes the mean 10-month densities of
faecal ooliforms and faecal streptococci at sites B and C, Mean 10~
month faecal coliform density at B was 2,2 x 102/10{)::1 while at C, it
was 8,2 x 10°/100ml, For faecal streptococci, the 10-month mean for
Bwas 1 x 101/10031 and for C, 1,1 x 102/100:11_ Over the 41-week
sampling period, there were only 2 (4%) positive faecal coliform samples
out of 41 samples taken at B, At.C, 4 (9%) samples were positive for
fascal coliforms, Site B showed 4 (9%) samples positive out of 41
samples analysed for faecal streptococci; while at C, 6 (19%) samples,

wore positive (see appendices A and B),



TABLE 3

ME'N DRY SEASON DENSITIES FOR FC AND FS

AT SITES 5 =9 AND A

SITES | FAECAL COLIFORMS/100ml | PAECAL STREPT./100ml
5 545 x 10° 1,5 x 10°
6 2.6 x 107 1,5 x 10°
7 2,75x10° 4.3 x 10°
8 5.1 x 10° 1 x 10°
5 2.3 x 10° 1 x 107
A 1 x 10° 1x 107

FC = Faecal Coliforms

FS = Faecal Streptococci

DRY SEASON = October - March

21




Table L:
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Mean Densities of faecal coliforms and faecal

streptococeci at site B and site C on Kubanni Lake.

i
Site Indie 4pril | May TJune July {iuge Sept4 Oct. | Nov. Dec. Jan.
cator
| 1 2
Fc| - - - - |- - |2.5x10' - 5x10
B Fs| - - 2.5x1d 2.5x10"] 2,5x10?
FC |2,5x103 - = fusx10?] - R.sx10'] - - 2.5x10°
c Fs 2.5x10%|2.5x10%| 5x103 - -1 - |- |7.5x10" -

Site B over intake structure for the purification plant

Site v midway between dam wall and spillway

F. C, faecal coliforms/100 ml,

F. S. faecal streptococci/100 ml,
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The mean 10-month faecal coliform and faecal streptococcus
densities at sites B and C are presented in-fable i The table illustrates
the mean counte for each of the 10-monthe (April, 1977 - Januaxry, 1978)_ -
during which samples were collected. " -
The pesitive faecal coliform samples for site B occurred in |
October and Jamuary. Por site C, they were in April, Auguast, Qctober,
and January. Tﬁe vositive faecal streptococcus samples at B were obtained
in June, December and January while at site C, they were obtained in
May, June, July abd December, About twice as many peositive samples wéfe
obtained at site C as at B {table L4}. Incidence of faecal streptococci
appeared to be higher than of coliforms in the lake. R
The mean dry season (October - December, 1977) counts for siﬁe A
1s given in table 3. Faecal coliform density for the three-month period
was 1 X 102/100m1 while faecal gtreptococecus density for the same period

was 1 x 10" /100m1.

ISOLATION OF SAILMONELLA

Little succeas was achieﬁed in the attempts to iaolaté.Salmoﬁéllae
from all the sites. Although all samples were screened for Salmonellae
only five were isolated and identified at gites 1, 2 and 3, by biochemical
tests. Two of these were sent to a reference laboratory for serological

identification,
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DISCUSSION

The efficiency of the sewage treatment plant at A.B.U. main
campus (fig. 6) was measured. The efficiency is reported as percen-
tage removal of faecal coliforms from site 1tp site 2, There was
a variation in ability of the plant to reduce faecal coliform nume
bers between April 1977 and January 1978 (Table a). Only in April
1977 did the plant appear to perform with considerable efficiency.
This period coincides with a time when students were away on Easter
vacation, It's efficiency was reasonably high during May (91%) and
August (96%), The high efficiency in May can be explained by the
fact that the Baster vacation extended to the first week of that
monthe August efficiency was that high probably because of the long
vacation., At all other times in the sampling period, the plant's
efficiency was only moderate.

From the visual observation of the turbidity of the plant
efflgents (fige 7), it would appear that a high concentration of
organic matter is released from the plant, with effluents., There-=
fore, faecal coliforms and faecal streptococci may tend to grow in
the effluents, This statement. is justifiable by the high counts of
both organisms observed for sites 2 and 3. Even in the rainy season
when dilution of effluents was expected to be high (appendix E), there
appeared to be no reduction in numbers. This may have been due to -
run-off from Area 'A' gully and from the surroundings of the effluent
gully. As a result of the above observations, it may be concluded
that the sewage treatment plant did not function satisfactorily most

of the time especially when students were on - campuse
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The situation was improved slightly during the period Mid - ipril -
May conding 1978,.when all students were off - campus due to students
unreste Therc was a progreeive decreasc in faecal coliform counts
from sites 2 - 6 with the organism disappearing completely from
sites 7, 8, and 9, Similarly, faecal streptococci disappeared

from sites 3 - 9 during the same period (Table 2),

It was also observed that faecal coliform and faccal strep—
tococcal counts are high during the dry secason (figse. 3 and 4),
Normally, one would cxpect some reduction in numbers to take place
duc to sedimentation, aeration and filteration. It would therefore
appear that the organlc matter in coffluents was sufficient for the
bacteria to malntain a steady population botween sites 2 and 3,
600m longe

The drop in counts observed in Jwgust (fige 3) for the four
sites is attributable to the long vacation and the fact that dilu-
tion was highest in that month. The highest rainfall of 302mm in
1977 cecurcd in Jwugust 1977 (appendix E). The counts increased
gradually from Scptember onwards as students gradually returned,
The slight drop in counts at sites 1 - 4 (fige 3) in December 1977
and January 1978 may be duc to absence of students from thce campus

for the christmas vacation,
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at the farms irrigated with A,B,U, sewage effluents, It is also
observed that the stretch of stream below Jama'a vdllapge is used by
livestock (cattle), for grazing, As the stream is contzminated by
the sewage effluents, it is highly possible that the cattle be infected
b;kﬁg;ggngllg. Therefore, the possibility of zoonotic transfers between
cattle and man cannot be ruled out, Olayemi et gl,(1978) isolated 13
different serotypes of Salmonellge from cattle slaughtered at Zaria
abattoir, Two of these have been isolated from patients suffering
gastroentewitds in Nigeria (0jo, 1972). In this study, only five
Salmorellne were isolated from effluents,and were identified biochemi-
* cally, However, higher recoveries from the sewage effluents were
expected considering the high FC counts in the sewape cifluvents
(Kampelmacher and van Noorle Jensen 1976; and Dukta and bell 1973),
The dow recovery rate observed could have been due to the lov survival
rate of Jalmopellse in water and the possible side effect of the
selective media used for isolation, on the growth of Saluonells cells,
(Hoadley and Cheng 1973),
The interelationship between Salwonellae isolated from cattle,
man and sewage effluents has not been determined, Further work in
this respect is highly desirable in order to establish any possible

relationship,
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From thre present studly,. thg,ntbesslily to dmprove theosekags effiuents
before discharge into the Kubannd River becomes urgenta

Ogunrombi (1974}, suggested chlorination of the effluent hefore
discharge inte the Kubanni River; but chlorination alone may not be
sufficient becmuse faccal bacterlia are known to grow in chlorinated
effluents depending on the concentration of residual chlorine, From
the studies of Silvey at al. (1974); Davis and Keen (1974); Milbauer
and Grosswicz (1959); Shuval et al., (1972); Braswell and Rpadley
(1974}; and Lin, (1976); it is shown that faccal bactordia can regrow
after chlorination, in »ffluents, If the cffluents aro to be used
for irrigation, groundwater recharge and augmentation of flow in
Kubanni River (Ogunrombi.1974), then a more =ffective secondary trcate
ment of effluents, such as soil filterction is to be recommendods
Van Donscl (196405 Pound and Crites (1973), and Edgonds, (1976); all
support scil filteration of sewage offluentse Alternatively, socondary
treatmont by maturation ponds may be an advantage, Tables 1,3, and 4
show the I'C and FS densities in and around the Kubanni Lake, From
these results, it is obscrved that tho lovel of contamination in the
lake is low at this time whaen the lake is static, Howevar, the level
of contamination is oxpected to risc when the lake is in use. It is
belicved that during pumping of thoe water into the purification plant,
the sediments at the bottom of the lake way bo agitated and therefore,
gome of the pollutants from the sediments may be introducoed into the

water layar above. The above statement is

61
justified by th: work of van Donsel and Geldreich (19741, They
found that there was a 100 - 1000 fold increase in coliform counts
in bottom mud than in the over - lying water. They could alsn isclate
more Salmonclla from bottom mud than from the overlying waters
7 The bacterial counts from Samaru Stroam as measured ot site A
.was low (Table 2), comparaed with obsarved counts »f Smith and Gaultneye
(personal communication) fThe observed low faccal indicator densities
in this study was recordrd during the dry season when there was no
flow in the stream; whereas the above workers took measurcments in
tho rainy scason when pollutonis are cxpected to b washed into the
lakeca
Genarally, low densities of faecal coliforms and Faecal strep-=
tocoecl were recorded for the lake $ables 1,3, and 4). That no
Salmenella was isclated from lake water in this study should not give
a false sonse of security. The observed FC and PS contamination in
tho lake arce probably of animal orlgin but human contamination cannot

be ruled out,.
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FECAL COLIFCRM , COUNTS/100MLS
Week g 1 2 3 4 A B
5.8x10° fix10® | sx10” | wp -] -
2 1.9%10% f1x10° | 1x10” " - -
8
3 1%10° | o0 - . _ )
4§ ax10" jex10® | 1.3x10§ . sx10®
5 8x10°  12x10° | 4x10° " - -
6 1x‘lO? 3}{106 4x105 " - -
7 6 6
7 2x10°  13x10% | 1x10 " - -
8 | sx10%  lax10% | 2x10” " - -
5 1x10°  Jax10® | 1x10° " - -
5 6 7
10 3x10 4310 2x10 " - -
7 6 7 5
11 4x10 1x10 3x10 1x10 - -
6 6 7 5
12 7x10°  Bx10° | w10’ | 2x10 - -
N & 6 5
13 5x10 610 3Ix10 3210 - -
14 1107 Bx10° [1e5x10% | 1x10° - -
15 1107 bx10% | w10® | 6x10° - -
16 7x10°  px10° | 1x10° | ax10° - -
17 5x10°  hx10° | 2x10° | s5x10° I
18 1x10°  hx16® | 2x10” { 1x10® - -
19 5x20°  hx10® | 1x10® | 2x10° - -
20 ax10®  px10% |1.4x10% | 2x10° - -
21 | 8x10®  fx10® | 3x10% | sx20 - | -
7 6 6 6
22 10" Bx10° | 3x10° | 3x10 - -
23 1x107  Px1o® | w10® |axo® - -
24 3x10°  Bx10® | 3x10® | 3x10° - -
25 1107 bx10’ 1 3x10% |3x10° | 2x10°
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Weeks 1 2 3 4 A B
26 2:-(’10'7 2% 107 2:'_‘106 2x‘106 - 1x10x2
27 ‘lxil()5 ‘1:(106 'lx‘105 2% 106 - —
7 7 6. .5
28 | 10’ | 1x10’ | ax10 €10 - -
29 | 1x107 }2x10% }2x10% | 2x10° - -
30 |ax10” f1x10” }sx10® |2x0® | - -
31 | 7x107 lex10? lax10® | 2x10° - -
32 |sx10¥ lax10® lax10® | 1x10°® - -
7 6 6 6
33 |2xi0’ |ox10® |1x10® |1x10 - &
7 7 6 6
34 {4ax10’ |1x10’ |ix10® |1x10° |. - »
7 7 6 6
35 |ex10” [7x10” |2x10® }1x10 n =
36 |sx10’ lix10’ lax10® |1x10° - -
7 7 6 6
37 ax10 1x10 1x10 1x10 - -
7 5 5 6 3
38 6x10 5% 10 710 1x10 2x10 1x10
39 |10’ Px1o?  hx0®  lax1e® : =
7 6 6 5
a0 1x10 3x10 110 310 - -
7 7 6 L &
41 px10’ px1o’ bx10® Px10 - -
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ol
Fecal Streptococei  Counts/100MLS
weeks| 1 2 3 a A B

1 ™ ™ | ™ ND a -

2 " " " " - -

3 " " m " - -

4 1.6x10 1x105 1x‘105 " - -

5 %10’} 1D ™ " - -

& ‘1.7x‘1f§ 2x’106 '1:-:106 " - 1x‘105

7 2x10'| 2x10°] 1x10’ " - -

8 ax10%| 2x10%| 1x10° " . -

9 6x10°] 1x10” | ax10° " 1x10° | 1x10%
10 1x10° ND ND " - -
11 8x10° " " " - -
12 7%107| 1x10’ | 4x10° | 2x10°| - -
13 8x10°] 3x10°] 1x10° ] - -
14 1x107| 4ax10° | 3x10° | 10| - =
15 ax10’ ) 6x10° | 1x10° | sxw0?]| - 2x10%
16 1x10°] 3x10°| T axw0'] - -
17 3%107 | 3x10° | 1x10° " - -
18 1x10” | 2x10° | 1x10° - - -
19
20
21 N |MEDIA
22
23
24
25
26 2x10° | 2x10® | 2x10° | - n
27 1x10° | 2x10° | ® 2x10° | - -
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4
Weeks 1 2 3 4 A B
28 6x10° | 3x10° | 1x10° | sx10° - -
29 5x10° | 8x10° " 5%10° ” _
30 1x107 | 1x10° | 2x10% | 2x10° - -
31 6x107 | 5x10° | 1x10% | 2x10° a -
7 E X

32 2%x10° | 6x10° | 2x10° | 2x10 " =
33 2x10° | 2x16° | 1x10% | 1x10° | 1x10% | 1x10°
34 3x10° | 3x10° | 1x10° | 4x10° - ! 1x10°
6 6 6 5 2

35 ax10° | 5x10® | 2x10% | ax10 - | 1x0
36 5x10° | 3x10% | 3x10% } 3x10° “ _
37 8x10° | 1%10% | 2x10% | 2x10° | 1x10° -
38 5x107 | 3x10° | 3x10° | 1x10® = =
39 6x10° | 1x10% | 3x10° | 3x10° - ~
a0 9x10° | 1x10° | 1x10° | 2x10° ~ _

6 6 5 5
41 5x10° | 1x10° | 3x10° | 2x10 - -
APPENDIX €
Lactose Positive Counts/100MLS

Week s 1 2 3 4 A 2!
1 1x10° | 3.1x107 4.2x109 D -~ | 1x10°
2 5x107 | 4.3x10°] 1x107 " 5 "
3 1.6x100 “0) " _ _
4 3x10% 1.2x10° | 3x107 w | 6x10° |ex10>
5 1x10° D ™ " & -
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y
Week s 1 2 3 4 A B
7 ceho7x10" ND - 1x10°
G 4x107 1.4x1g * p 4
7 5%10 8x10° | 2x10 " 1%10 4x10
a8 |1.ax107| 8x10° | 8x10° " - -
9 lxiOB 1x106 2x106 " =~ =
10 1%10” ND ND " - 1x10%
1 1 ND " " " — -
12 | xw0? | ax0® Jex10® | sxw0” | - =
13 5x10° | 1x10° D 8x10° = -
14 2x10? 3x106 5x105 5x106 - 2x103
7 3 6 5
15 2x10 3Ix10 1x¢10 4x10 »e Ax10
16 8x10° | 1x10 Jax10° | 3x10° o o
_ 6 6 4 4 4
7 5x10 5% 10 2x10 5%10 2x10 110
18 9x106 2x106 - -‘lxlO3 - -
6 |. .6 5
19 8x16 2x10 ™ 1x10 - =
20 P.5x1o7 1x10°  l1x10® | 3x10° - -
_fl
21 2x10 4x105 5x106 6x10° - -
7 6 6 6
22 5x16 5x10 6Ex10 4x10 - 3Ix10
23 1x107 | 3x10®  |ax10® | 2x10° - | 1x10
24 1x10° |5x10° I8x10® | 3x10° - 1%x10
25 5x107 |2x107  Jex10® | sx10® - .
6
26 1x10° |3x10° |x10® |2x10° " 1x70°
.6 6 6 6
27 5%x10 3% 10 1%x10 3x10 - -
28 7x107 |1x10” Isx10® |1x10° lax10> =
7 7 6 6
29 3Ix10 3Ix10 3x10 3x10 - -
30 fhosx10’ | 0 m |1x10° - |2x10°
31 ax10’ lax10” |ax10® |3x10° - -
7 6 6 6
32 4% 10 Tx10 3x10 2x10 - 1x10
33 5x10° |2x107 |ix10® |ix10% Jex10° |1x103
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k ¥

Weeks 1 2 3 4 A B
34 ax107 | 1107 | 2x10% | 6x10° | 3x10° | 1x10°
7 71 _ & 6 2 2

35 2x107 | 2x107 | ~x10® | 1x10® | .10° | 2¢10
36 ox107 | 1x107 | ex10® | sx10° | ax10% | 2x10°
7 6 5 5 2 3

37 ax10” | 7x10% | 2x10% | 3x10° | ax10? | 1x10
38 4x107 | 1x10% | 1x10® | 2x10° - -
39 ax107 | 2x10” | 2x10% | 1x10® | 1x10° | ax10°
40 ax10” | 107 | 3x10® 11.3%x10° | 1x102 | 1x10°
a1 2x107 | z¢10° | 2x10% | 1x10f - -

1
"oy sl
APPENDIX D
Lactose Negative Counts/ 100MLS
1
Weeks 1 5 3 1 A B

1 1x10% | ex10” | 1.1x108 - | w10

2 1.9x10° { ax10” | 3107 “ - _
3 ND ND " . -
a ax10° 1 1,2%x107| 1x10° " 5x10° | sx102
5 3x‘108 ™ D " - -
& 2x107 {x10° M.1x107 | o - | ax103




APPEX D CONT.

Weeks ' 1 2 3 I 4 bl B
2x107 | 3x10% | 7x10® | w | s5x10%| sx0®
8 | 7x10°| m10° | 110’ v | ax103 | axa0®
2%x10% | 2x10% | 1x20° " -} 3x10°®
10 1x107 | WD ND " - | 2x10°
11 D " " " - -
12 4x10”7 | ax10% | 1.5x10% 3x10° - -
13 1x108 1x106 1x105 1x106 - -
14 1208 | 8x10° | 1.2¢20% 3x10% | 2x20% | 110"
15 2%x107 | 5x10°§ 3x10% | 1.5x109 w10t | 1x103
16 | ax10”] w10’ ] 3m10%| 2x10° - -
17 ax10® ] 1x10°% | 1x10° ) w10”] 2x10?
18 %10 | 8x10%] 6x10° | 2x18%} sx103| 1x10
19 8x10° | ax10°%] 3x10%{ 3x10° -~ | 1x10
20 6x10% | 2x10%| ax10% | 2x10° - -
21 110’} 7x10%}  ax10® | 1.7%10° - | w3
22 | sx107] 2x10%| 7x10°| sx10° - -
23 sx10®] 2x10%} 2.5x109 1.2x109 - -
20§ 1x10%] 10| s5x10%| sx10° - -
25 3107} 2x107] ax10®| ax10°] a0 -
26 w107 7x10°] ax16%] 1x10®] - -
27 1x10%] ax10°] 2x10°1 2x10® - -
28 5x10°] 1x107] x10®| ax10?| - 2x10°
29 1210%]  2x10%] 1x10%) - -
30 ax10’| D 7x10° | x10°] -
31 4):107 1}(‘107r 3){’106 - -




APPEH D CONT,
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b p
Week s 1 2 3 4 A B
-
32 3x107 | 1x207 | 1x10% | 1x10° - -
33 | 3x107 | %107 | 2x10% | 1x10f | _ -
34 zlx‘lO? 53{‘106 - ‘1:»{‘.106 - 2x‘102
35 ox10° | 12107 | 110° | 3x10° | 10102 2x10°
36 1x10” | 8x10% | 1%10% | sxac? 1%10% 1 2¢102
37 5x107 | 3x10° | 2x10% | 4x10° 4x10% | 1x103
38 55107 | 3x10° | 1%10° | 1105 - -
39 1x107 | 1x108 ~ 4x10° - -
40 %107 1 2x10% | 3x20® | 45105 - —
41 3x10° f1x107 | ax10® | _ - -
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